ABSTRACT. Carbonic anhydrase (CA) family is discovered in various species including mammals, avians and even plants, but it is rarely reported in fishes. Ten Pond Loaches were used in this study. The results indicated that no evidence of distribution of CA in esophagus. Nonetheless CA was found in the mucosal epithelium of stomach and in the villous epithelium of intestine demonstrated histochemically by the numerous black sedimentation of cobaltous sulfide (CoS) in these areas. In addition, black sedimentations of CoS were also found in all the vascular endothelium examined and red blood cells of digestive tract. The distribution of CA in Pond loach was more closely resemble amphibians than to other species, suggesting evolutional adaptation for Pond loach in aquatic environments. KEY WORDS: carbonic anhydrase, digestive tract, pond loach.
Carbonic anhydrase (CA) was firstly discovered by Muldrum and Roughton in 1933 [17] . CA is a peptide with zinc (Zn) atom and several isoenzymes of CA family are isolated and characterized among animal species [1, 10, 12, 17] . In 1952, the function of CA was firstly characterized by Janowitz [11] that it is associated with HCl excretion in gastric juice in mammals [11] . The parietal cells located between epithelial cells of the gastric mucosa contain high concentration of CA, which can catalyze the bio-synthesis of dihydrogen oxide and carbon dioxide to carbonic acid. Carbonic anhydrase have been found widely in mammals, avian, chondrichthyes, plants and even bacteria. However, the information of CA in Pond loach is lacking, especially in the digestive tract. Pond loach (Misgurnus anguilicaudatus), also called Oriental weatherfish, likes to live on the bottom of water-stable and is normally fed with high protein food in Pond loach aqua farm. It is important to understand whether CA distribution is associated with digestive activity in Pond loach. Therefore, in this study we investigated the distribution of CA in digestive tract by using histochemical methods modified from Kuratu's [15] . For the control group, the tissues were placed in a solution containing acetazolamide (1 × 10 -5 M) to block CA expression and washed once with phosphate buffered solution (PBS, containing 6.7 × 10 -4 M of KH 2 PO 4 , pH 5.9). All sections from both treated and control group were then reacted with freshly made 0.6% (NH 4 ) 2 S solution for 3 min and cleaned by 95% ethanol and xylene in the final steps. The tissues were observed under a light microscope for cobaltous sulfide (CoS) precipitations.
The results of this study indicated that the existence of CA was shown as black CoS sedimentation under light microscope. The esophagus showed no mucosal distribution of CA ( Fig. 1 ) while black sedimentation of CoS was clearly identified in the mucosal epithelium of gastric fundus ( Fig. 2A ) and in the villous epithelium of anterior intestine (Fig. 3A) . In addition, the results indicated that CAassociated black CoS sedimentations were found in all the examined vascular endothelium and red blood cells in esophagus (Fig. 1) , the fundus of stomach ( Fig. 2A ) and the anterior intestine (Fig. 3A ). There were no sedimentation particles found in any of the controlled tissues as illustrated in the stomach (Fig. 2B ) and the intestine (Fig. 3B) . These findings were similar to those in Japanese eel. In Japanese eel CA has been detected on the upper two thirds of the simple columnar epithelium in the stomach where no parietal cells exist [14] . Further comparison of the stomach microenvironment of loaches to others revealed differences in the gastric gland to amphibians and other animal species * CORRESPONDENCE TO: LEE, W.-M., Department of Veterinay Medicine, College of Veterinary Medicine, National Chung-Hsing University, 402 Taichung City, Taiwan. such as frogs [8] , hamsters [15] , rainbow trout [6, 7] , dogs, cats and pigs [2, 5] . The gastric glands of the above species contain chief cells, zymogen granule secreting cells as well as parietal cells which are normally responsible for the secretion of hydrochloric acid. In humans and most domestic animals, glandular cells can be classified as oxyntopeptic cells which are responsible for the simultaneous secretion of zymogen granules and hydrochloric acid [4] . In this study we couldn't find the existence of CA distributed in the glandular cells of stomach in loaches. The fact that no CA distribution was found in glandular cells of loaches remains to be studied. However, the secretion of hydrochloric acid in loaches might be regulated by the simple columnar epithelium [13, 14] . One important finding of this study was the detection of CA in the endothelium of blood vessels and blood cells in the anterior intestine and gastric fundus. Although the real function of CA found on the vascular endothelium and blood cells are still unknown, it may suggest that CA plays an important role transmitting the carbon dioxide to the digestive epithelium through blood circulation in loaches. In addition to the stomach, CA was also found on the columnar epithelial cells of the intestine. Although the exact functional difference of CA in the vascular endothelium and red cells in esophagus in comparison to the stomach and intestine is still unclear, it might associate with the effect of pH balance and epithelial development. It has been documented that the secretion of CA-VI from saliva and esophageal secretions may be useful in the maintenance of pH and ion balance at the upper digestive tract [12] . On the other hand, the effect of CA may play a role in the epithelial development in the intestine [12] .
CA can be detected by various methods such as the fluorescence antibody staining [9] , immunohistochemistry [1, 3, 10, 12] , colorimetry [30] and pressure reducing method [16, 18] . Based on previous studies, Kurata's method [15] is the most convenient with reasonable specificity and sensitivity. The method is based on the localization of the sedimentation of metal salts, CoS, or detecting the volume of carbon dioxide formation after the enzyme catalyzes the substrate. Although this method can not differentiate among various isoenzymes, it can demonstrate the distribution of enzyme activity even to the level of cells. Therefore, it was chosen for the purpose of this study. Whether the detection of CA isoenzymes could reveal distributional difference warrants further study.
